INTRODUCTION
Glaucoma is the leading cause of irreversible blindness worldwide and the number of people affected by glaucoma will be approximately 60.5 million by 2010 [1] . Myopia is the most common human vision impairment all over the world [2] and it is among the leading five causes of blindness [3] . Mutations in the myocilin gene (MYOC) are responsible for some forms of primary open-angle glaucoma (POAG) [4] . Candidate gene association studies also identified that MYOC is one of several high myopia susceptibility genes. This involvement would be consistent with the increased frequency of myopia in patients of POAG [5, 6] .
Myocilin (also known as trabecular meshwork inducible glucocorticoid response or TIGR) is highly expressed in several eye tissues such as iris, ciliary body, cornea and sclera [7, 8] . It has been observed myocilin is highly expressed in and secreted by the trabecular meshwork cells (TMC), the likely site of pathology for ocular hypertension in POAG [8] [9] [10] . Previous studies demonstrated that there is a matricellular role of myocilin in modulating cellular adhesion [11] [12] [13] . Some experimental evidence supports the hypothesis that secreted myocilin plays a role in vivo in modulating the hydrodynamic outflow resistance in the trabecular meshwork, and that elevated amounts of myocilin could obstruct the outflow system. Also noteworthy is that some factors that stimulate myocilin expression in TMC have also been implicated in the regulation of postnatal eye growth and myopia, e.g., bFGF, TGF-β, and oxidative mitochondrial pathways [14, 15] . Despite these findings, the molecular mechanisms by which MYOC contributes to POAG and myopias has not been finally clarified.
The genetical genomics approach, combining global expression data and linkage analysis, has been used to reconstruct genetic networks by integrating gene expression and linkage analysis. Since Jansen and Nap [16] proposed the genetical genomics concept, it has been successfully applied in several organisms [17, 18] . Identification of an expression quantitative trait locus (eQTL) analysis for a gene suggests that the gene transcript levels are regulated by genetic factors. Although MYOC is a well-investigated gene associated with POAG and myopia the genetic regulatory network of MYOC has not been worked out. In this study, we explore the molecular genetic mechanisms that may contribute to POAG and myopia through the construction of a genetic regulatory network for MYOC.
II. MATERIALS AND METHODS

A. BXD RI mice
The BXD recombinant inbred (RI) panel, originally bred by B.A. Taylor in the late 1970s and 1980s, was recently expanded and now includes 80 RI strains [19, 20] . In both the original and extended BXD RI panels, the progenitor strains, C57BL/6J (B6) and DBA/2J (D2), were mated, followed by more than 20 generations of sibling-matings. This resulted in a panel of inbred strains with fixed genotypes at each locus, with the parental B6 and D2 alleles segregated among the strains. For all of the described experiments, animals were weaned at 25 days of age and housed in same sex cages, 2-5 mice per cage until the time of testing. Animals had free access to standard laboratory chow and water. Animals were maintained on a 12:12 light/dark cycle. Room temperature ranged from 20 to 24 °C.
B. RNA isolation
Naïve mice of 68 BXD RI strains, their parental strains (B6 and D2), and F1 individuals (B6D2F1 and D2B6F1) were sacrificed at 50~80 days of age by cervical dislocation. Eyes were quickly removed and placed in RNAlater (Ambion, Inc.) overnight at 4°C and then kept at -80°C until use, the RNAlater being removed before such storage. The extraction of RNA from pooled eyes (2-4) was carried out with the RNA STAT-60 reagent (Tel-Test, Inc., Friendswood, TX). Total RNA was separated from DNA and proteins by adding chloroform and precipitated using isopropanol. The precipitate was washed twice in 75% ethanol, air-dried and resuspended in nuclease-free water (Ambion, Inc. Austin, TX). The amount and the purity of the extracted RNA were checked using a NanoDrop spectrophotometer (NanoDrop Technologies, Inc., Wilmington, USA).
C. Microarray hybridization
Total RNA samples were hybridized to Affymetrix microarrays (M430V2). Post-hybridization staining and washing were performed according to manufacturer's protocols. Finally, the arrays were scanned and images were quantified. Two arrays from one male and one female were prepared and analyzed for each BXD strain. Normalization was performed by the RMA method. All normalizations were done using default analysis parameters. We generated probe set data using RMA46, obtained the log2 of each probe set and standardized using Z scores. We doubled the Z scores and added 8 to produce a set of Z scores with a mean of 8, a variance of 4 and a standard deviation of 2. The advantage of this modified Z score is that a two-fold difference in expression level corresponds approximately to a 1-unit difference. Expression levels below 7 are usually close to background noise levels.
D. Expression QTL (eQTL) mapping
QTL mapping was performed using web-based complex trait analysis (www. genenetwork.org) which uses QTL reaper software. A single marker regression across all chromosomes was performed where a hypothetical QTL was evaluated at the location of 8222 informative markers. At a single chromosomal level, interval mapping evaluates potential QTL at regular intervals and estimates the significance at each location with a graphical representation of the likelihood ratio statistic (LRS). A permutation test establishes genome-wide significance criteria of 5% for the trait.
E. Identification upstream gene(s) of Myoc
To identify upstream gene(s) of Myoc, we determined the exact location of the significant eQTL of Myoc from GeneNetwork (http://www.genenetwork.org). All genes in the QTL region were used for candidate gene analysis. We followed several sequential steps using tools available on GeneNetwork to filter the candidate genes. First, the genes without SNPs between B6 and D2 mice were removed. Second, genes with mean expression levels lower than 7 were removed. Third, genes without high tissue correlation to Myoc (p>0.05) were removed. Fourth, genes without high genetic correlation to Myoc (p>0.05) were removed. Fifth, among the remaining gene(s), the transcript factor or the cis-regulated genes are high priority to be considered as the upstream gene(s) of Myoc.
F. Gene Ontology (GO) analysis
We carried out the GO analysis by using the Gene Ontology Tree Machine (GOTM). This was made possible through Vanderbilt University's site (http://bioinfo.vanderbilt.edu/wg2), which acts as a public repository for gene data sets. We input sets of highly correlated genes into the site, which then produced a tree of association based on data stored in the WebGestalt database. All probe sets on the Affymetrix M430V2 array were included in a reference set for the hypergeometric test in GOTM.
G. Correlation analysis and gene network construction
The transcript level of Myoc was compared with the 43,000 genes of the mouse genome and produced a set of correlated genes. Both genetic and tissue correlative analyses were calculated using Pearson product-moment correlations of strain means for each pair of probe sets on the array. The gene network derived from these correlation analyses was constructed by using the network graph tool at web site of www.genenetwork.org.
III. RESULTS
A. Selection of probe set and variation of Myoc expression level in BXD eyes
DNA microarray was used to measure the gene expression levels and to identify gene expression differences across the BXD RI strains. Myoc has two probe sets in the Affymetrix MOE430V2 array which were used to analyze gene expression in the eye of BXD RI mice. The two probe sets are 1450468_at (located Chr 1 @ 164.57927 Mb, last exon and 3' UTR) and 1460306_at (located Chr 1 @ 164.580011 Mb, distal 3' UTR). The SNP position and the number of SNPs in the probes/probe sets have a significant impact on the detection of the expression difference. Therefore, before performing the eQTL analysis, we searched all available data for the evidence of SNPs in the two probe sets of Myoc and found no SNPs (data not shown).
For these two probe sets, the expression level in the eye varied across 68 BXD RI strains, their parental strains (B6 and D2), and F1 individuals (B6D2F1 and D2B6F1). The expression level of 1450468_at is 10.830 while 1460306_at is 6.447 (below 7 is background noise level). On the other hand, the probe set located on an exon should provide more accurate analysis for a target gene. Therefore, the probe set 1450468_at was chosen for performing the eQTL analysis. Fig. 1 showed 
B. eQTL mapping for Myoc in BXD RI eyes
The mapping was carried out by marker regression and interval mapping to define the chromosome regions associated with expression difference at a genome-wide significance level of 0.01 The probe set 1450468_at showed that the locus had significant linkage scores (LRS) of 21.775 (p< 0.01). The QTL interval for 1450468_at is located on chromosome 2, extending from the marker rs3699934 to the marker rs4136879 at 34~42 Mb (Fig. 2) . This QTL was mapped in another chromosome of the transcript (Myoc, located on chromosome 1). In general, this type of QTL in expression genetics is defined as a trans-acting QTL (Fig. 2) . The D2 allele in this region showed an additive effect of 0.37 units on Myoc expression.
C. Upstream gene of Myoc
The significant eQTL of Myoc locates at 34Mb to 42Mb of chromosome 2, (Fig. 3) . A total 99 transcripts were located in this region. Among them two genes whose mean expression level was more than 7 were cis-action with significant or suggestive eQTL, high SNP counts, and high tissue correlation. Only the gene olfactomedin-like 2A (Olfml2a) which is cis-action with LRS of 68.219 had significant correlation to Myoc (p=1.40E-06). Thus Olfml2a was identified as a candidate upstream gene of Myoc.
D. Functional enrichment analysis
To test whether the set of genes that are highly correlated with Myoc is enriched for any class of biological function, we carried out GO analysis. The list of 426 probe sets with significant genetic correlation and tissue correlation (p<0.05) was selected for functional enrichment analysis. Based on the GO cellular component annotation, the list of genes was enriched within the endomembrane system, extracellular region, and endoplasmic reticulum (Fig. 4) .
E. Genetic regulatory network of Myoc
To identify genes which co-regulated with Myoc gene expression in eyes of BXD RI mice, we performed correlation analysis (Pearson correlation) by using associative network tools in GeneNework (www.genenetwork.org). The genetic correlation analysis revealed 5,692 genes with significant relation to Myoc (p<0.05). This list was narrowed to 1,867 genes after selecting those which also demonstrated a high literature correlation (literature correlation>0.3) and expression level higher than 8.00. We next constructed the genetic regulatory network for Myoc using the tool at http://www.genenetwork.org. For high resolution of the network, the top 30 highly genetic correlation genes (mean expression 9.173) were selected (Fig. 5) . The genes in the network are closely related with Myoc. The genetical genomics approach has been demonstrated as a powerful tool for identification of candidate genes and construction of regulatory genetic networks. In this study, we performed eQTL analysis for Myoc using BXD RI mouse strains and found it is a trans-acting locus. We further identified the upstream gene of Myoc and carried out GO analysis. We next constructed the genetic regulatory network for Myoc.
IV. DISCUSSION
In this study, the gene expression level was treated as a quantitative trait to perform conventional linkage analysis. Mapping studies revealed the location of QTLs and found Myoc was a trans-acting gene. We then used a method of several steps in GeneNetwork to filter and identified the gene Olfml2a as an upstream gene of Myoc. The previous study about Olfml2a is rare and the function of Olfml2a is still unclear. As of now we know only that Olfml2a is expressed in extracellular matrix and is relevant to extracellular matrix binding and organization.
As we know the function of Myoc is highly related to cellular adhesion and protein binding in extracellular regions, the functions of Myoc and Olfml2a had high concordance. The identification of upstream gene of Myoc may reveal a new direction to the genetic regulating path of Myoc and a new clue of etiopathogenesis of POAG and myopia. The GO analysis could identify GO terms that are significantly associated with the list of genes that are highly correlated to Myoc, which may help us identify important biological functions of our target genes. In this study the function of Myoc correlated genes is involved in cellular components of the endomembrane system, extracellular region, and endoplasmic reticulum. These enriched GO categories provided a clue worthy of further study.
We identified a group of genes closely related to Myoc through genetic and literature correlation analysis in BXD RI mouse eye. A genetic regulatory network for Myoc and its potential role in POAG and myopia could be initially constructed with this group of genes, indicating a component of the molecular architecture of the POAG and myopia. We looked at the top 30 highly genetic and literature correlation genes with Myoc on the gene network and did not find any reported direct virulence genes of POAG or myopia. However, there were many genes whose biological function is similar to Myoc and demonstrated a matricellular role in modulating cellular adhesion. Ten genes (Olfml2a, Pcolce, Fmod, Bgn, Serpinf1, Ptgds, Serping1, Chi3l1, Igfbp6, Chad) were expressed in cell surface and extracellular matrix or extracellular space with the function of protein or metal ion binding and as part of different signal paths. PCOLE1 protein (encoding by Pcolce) was found to be a collagen-binding protein, capable of binding at multiple sites on the triple helical portions of fibrillar collagens and also capable of competing for such binding with procollagen C-proteinases [21] . Fmod and Bgn were demonstrated to have effect on the activity of TGF-beta1 signal transduction in the metabolism of extracellular matrix [22] . We also found three genes (Serpinf1, Il11ra2, Serping1) whose function were relative to the immune response or inflammation, which suggested the function of Myoc and the etiopathogenesis of POAG and myopia may involve the immune system. Overall, our findings have led us to propose a genetic regulatory network for Myoc, providing new opportunities for the investigation of the biological mechanisms of Myoc in POAG and myopia. Certainly, it is essential to verify the interaction between Myoc and other genes in the pathway through experiments. We conclude that our genetical genomics analysis, along with genetic regulatory network analysis, may also be a powerful tool for future identifications of candidate genes and for the pathway analysis for complex traits, such as POAG and myopia.
